Oxidized mono-, di-, tri-, and polysaccharides as potential hemoglobin cross-linking reagents for the synthesis of high oxygen affinity artificial blood substitutes.
Various oxidized mono/di/tri/poly saccharides were studied as potential hemoglobin (Hb) cross-linkers in order to produce oxygen carriers with high oxygen affinities (low P(50)'s) and high molecular weights (therefore lower macromolecular diffusivities compared to tetrameric Hb). Such physical properties were desired to produce polymerized hemoglobins (PolyHbs) with oxygen release profiles similar to that of human blood, as was demonstrated in work by Winslow (1). In this present study, bovine hemoglobin was cross-linked with a variety of oxidized (ring-opened) saccharides, which resulted in cross-linked Hb species ranging in size from 64 to 6400 kDa (depending on the particular oxidized saccharide used in the reaction) and P(50)'s ranging from 6 to 15 mmHg. A parallel synthetic approach was used to synthesize these carbohydrate-hemoglobin conjugates, and asymmetric flow field-flow fractionation (AFFF) coupled with multi-angle static light scattering (MASLS) was used to measure the absolute molecular weight distribution of these PolyHb dispersions. Cross-linking reactions were conducted at two pHs (6 and 8), with larger cross-linked Hb species produced at pH 8 (where hydrolysis was most likely to occur between glycosidic bonds linking adjacent saccharide rings) rather than at pH 6. The largest molecular weight species formed from these reactions consisted of Hb cross-linked with ring-opened lactose, maltose, methylglucopyranoside, sucrose, trehalose, and 15 kDa and 71 kDa dextran at high pH (pH 8). The most promising Hb cross-linker was methylglucopyranoside, which resulted in very large cross-linked Hb species, with low P(50)'s and lower methemoglobin (metHb) levels compared to the other Hb cross-linking reagents.